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(54) METHOD FOR CONTROLLING fR.< EMISSION POWER FOR REPEATER 


(57) Abstract: 

PROBLEM TO BE SOLVED : To provide a method for 
controlling transmission power for a repeater 
capable of obtaining a greater communication line 
^capacity by controlling transmission power of the 
| repeater so as to approach a propagation path to a 
•Smulti- path propagation path in a multi-point relay 
j 1 transmission system. 

SOLUTION; The transmission poser PTi of each 
repeater 301 is controlled to satisfy a relation of 
PT1 G1 -PT2G2-. . . -PTLGL, where I is the number of 
repeaters, PTi is the transmission power of the i- di repealer 301, and Gi is a 
propagation power loss between the i-th repeater 30 i and a receiver 1.02. 

* NOTICES * 

JPO and IMP IT are not responsible for any 
damages caused by the use of this translation. 

1. This document has boon Translated by computer. So the translation may not reflect 
the original precisely, 

2. **** shows the word which can not he translated. 

3. In the drawings, any words; are not translated. 


CLAIMS 


[Claim iH dispensing means which distributes; data to transmit to two or more antennas 
A training signal multiplexing means which mu.i tiplexes a training signal for using 
it for data restoration with a receiver to these distribution data. 


A reception means which receives a radio si grist 1 by transmit timing of said transmitter. 
A buffer in which a received signal is stored, and a transmitting means which transmits 
this stored signal a.; a radio signal timing which carried out the specified time 
lag to transmit timing of said trafismi tter. 

Are a transitu tt.ing power control method of a translator provided with the above, and 
the number of translators is set to L (L is. a natural number) . When making transmission 
power of the i-th translator (i is a natural number from 1 to L) into P £ . and making 
propagation power loss between the i-th translator and a receiver into 0., Pr)G i ~P vs G. 5 ~, 
Transmission power f' i: of each translator is controlled to fill =P tlt!a5W>t u & A« 

[Claim 2}:\ dispensing means which distributes data to transmit to two or more antennas. 

A training signal multiplexing means which multiplexes a training signal for using 

it for data restoration with a receiver to these distribution data. 

A transmitter provided with a transmission section which transmits these multiplexing 

data from each antenna as a radio signal to predetermined timing. 

A reception means which receives a radio signal by transmit timing of said transmitter. 

A buffer in which a recei ved signal is stored, and a transmitting means which transmits 

this stored signal as a radio signal to timing which carried out the specified time 

lag to transmit timing of said trans mi tter. 

When are a transmitting power control method of a translator provided with the above, 
the number of translators is set to b (b is a natural number,}, received poser of the 
i-th translator (t is a natural number from 1 to L) is made into P Ki and i-th 
transmission powei is made into P- t , P Xi P Si }\ l\ . — Transmission power P ri of each 
translator is controlled to fill =P t »,«» 8t 

[Claim 3]A dispensing means which distributes data to transmit to two or more antennas, 
and a training signal mul i tj i i i m m \!n h mufti pi » ^ i ti tuiui; ,i<tnl t r u iu„ 
it for- data restoration with a receiver to these distribution data, A transmitter 


provided with a transmission section which transmits these multiplexing data 1* 
each antenna as a radio signal to predetermined timing, A reception means wh 
receives a radio signal by transmit timing of said transmitter, and a buffer in wit 
a received signal is stored, Two or more translators provided with a transmit t 
means winch transmits this stored signal as a radio signal to timing which earr 
ou t the specified time [ t to transmit timing of said transmitter, A reception me 
which receives a radio signal with two or more antennas by transmit timing of 
or more of said translators, respect i vei y, A characteristic information aoquisiti 
means which searches for information about a propagation path characteristic fr 
a training signal multiplexed to these received data, in a multi spot 
-transmission system which communicate:} from a transmitter to a receiver through 1 
or more translators using a receiver provided with a data resteer at ion means to n 
data which said transmitter distributed to each antenna from said received data 
characteristic information about; this propagation path charae tor t sti c, The i 
of translators is set: to 1. (I is a natural number), When making transmission 
of the i-th translator (i is a natural number from 1 to L) into P n , it is P T 
— A transmitting power control method of a translator controlling transmission 
P.,, of each translator to fill =P,„„ S , ; ,,„. 


[Iran si at ion done. j 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 


1 .This document has been translated by computer. So the translation rosy not reflect, the 
original precisely. 


2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


m r i D di R p 


[Detai led Description of i he invention] 
[0001 j 

[Field of the Invent ionjTh is invention relates? to the? nulti spot relay transmission 
system which has arranged two or more i: ran<; 1 at ors bet ween a i.ransm i tter with two or 
more transmission antennas, and a receiver with two or more receiving antennas. In 
particular, a propagation path is brought close to a multipass; propagation path, and 
it: is related with the transmi tting power control method of the trans (ator which can 
obtain bigger communication channel capacity. 
[0002] 

[Description of the Prior Art] In the conventional mobile communication system, to 
the radio signal transmitted w i t h one transmission antenna from the transmitter for 
the improvement in receiving sensitivity in a receiver. It receives using two 
receiving antennas and the selection diversity reception using the input signal from 
the good receiving antenna of a s t gnai-to-noise power ratio (S/N) and the synthetic 
diversity reception which adds the signal from two ? t n< antennas according to 
a sigtial--to --noise power ratio are known. In 3GPP (Partnership Project) which is among 
the standardization organizations of a third generation mobile communications 
standard. By transmitting the same signal from two transmission antennas, the 
transmission diversity which makes influence of a shelter hard to be influenced 
probable in the course (propagation path) which arrives even to a receiver in a radio 
signal, and enables improvement in receiving sensitivity in a receiver is examined. 
On the other hand in a standardization organization (3GPP2) different from said 3GPP. 
\ icon in 1 in ihe u uomm,'i Kit dt iiilatte , nd Li a i< i»o or more 
transmission antennas £M) , and it transmits, pass the propagation path H in the 


receiver 102, two or more receiving antenna':: (N — this) receive the radio signal 
which arrived, and the communication method (MIMO;MtiJ.t:iple Output) of obtaining 
received data from H input signals; in quest of the sending signal, of M individual 
by signal processing is proposed. 

[0003] Next, the principle of a MIMO system is explained. First, the sending-signaJ 
vector distributed to M pieces in the transact ter 101 is made into ss"(«,, , s s ) 
T i'hv a» image formula, the bole! letter of s show;-; ss). signal s,, transmit t^d from 
the m-th transmission antenna {m is a natural number from 1 to M) — h,... twice — 
supposing it is carried out and is received by the n-th receiving antenna (n is a 
natural number from I to N) n th input i n 1 t j i j » i t h t i i 1 > * in • fn until a 

(0. 

[0004] 

[Mathematical formula Ij 
^"jjjiw^j-^., (n»i,-„v) ... Sl j 

[0005]Here, v„ shall express with the receiver 102 the noise on which the signal of 
the tr-th receiving antenna is overlapped. 

[0006] Next, the procession HH (by an image formula, the bold letter of H shows HH) 
of the N line xM sequence which make?; h i!; an element, If input-signal xx-(x„ — « x n ) 
T (the bold letter of x shows xx by an image formula) and noise vector vv-(v ( , — , 
v, ; ) T by which receiver superposition is carried out are used, A formula (1) can be 
collectively expressed about a!! receiving antennas like a following formula (2). 
[0007] 

[Mathematical formula 2] 

... w 

[0008] if the propagation path procession HH and the noise vector vv of a formula (2) 
are known, the sending signal ss can be searched for from the input signal xx. However, 
sin. '- the propagation situation between the t nmsmi t t or 101 and the receiver 102 
changes with time to communicate or places, the propagation path procession HH does 

- 6 - 


not. become settled uniquely. Then, a training signal is put on a sending signal, the 
receiver 1.02 receive.-; a training signal, and the operation procession WW (by an image 
formula, the bold letter of W shows WW) for searching for a sending signal from this 
input signal is calculated, it means learning the situation of the propagation path 
procession HH and the noise vector yy by training by searching for this operation 

procession WW, Thereby, point estimate ss'~is ; ', , s s * } 1 of a sending signal can 

be expressed with a fallowing formula (3) using the input signal xx and the operation 

procession WW which ware received after the training period. 

[0009] 

[Mathematical formula 3] 

- it) 

[001.0jSi.nce it becomes possible to send data several times CM times) the transmission 
antenna of -this ideally compared with the svst em wh i eh send?; send data ['rem one antenna 
according to this MTM0 system, it is expected as a system wi th high channel capacity 
around a radio frequency band (frequency utilisation efficiency). 
[0011] As mentioned above, the Ml'MO system which obtains data from the signal which 
distributed send data to two or more antennas, was transmitted to them its the 
transmitter 101, and was received with two or more antennas in the receiver 102 by 
signal processing is a system depending on the characteristic of the propagation path 
H h n in t h< t t mo ! i ' It n i n < t li n m t t u i 1 i i t i i 1 i ke 

a city part, it reflects in many buildings and the radio signal from the transmitter 
1.01. reaches the receiver 1.02 through various courses. Such a propagation path 
ipropagai i on environment) is called multipass propagation environment . As shown in 
t it ■> « h 1 t !< p | i Hiitj ft l i [ t Hi i n i t nn nt in h i h n 1 d i to 
/ an obstacle nor / neither / to reflect j between the transmitter 101 and the receiver 
102 is foreseen, and it: is called propagation environment. What foresaw the 
characteristic of the number of communication channel capacity versus transmitting 
antennas in a M1M0 system with multipass propagation environment, and was compared 
in th t peca s* I on tivi r< am nt i h s n t a is n 1 dim h ttmnti t si ion 


chante I < tp. 5U tno. * t s m \ •> < in pi i pot t t <n '» tin ttui t^> mi the 

number of transmitting antennas-: in a multipass propagation environment, oven if 
communication channel capacity increases the number of transmitting antennas small 
cowpat '"■<{ wj t h MU i ' ' i >-->-pttf i„ i uiu 'innithU' Hi common i at sen hnnn K ,tp e i t 1 nil] 
not ma w m i pto p i picpagat ion <*n. i> onmom fft > be iittj K houi in .u n_ 
8, as shown jit a following formula ,\> ' "■> , oil (G) . if 3 and the number of receiving 
antennas of the receiver 1.02 are set to 3 for the number of transmission antennas 
of the transmitter 101, input-signal. x (> >:■>> and >o can he expressed using a fox toll la 

U). 

[0012] 

x l =h 1 ,s t +h, 3 .s s +h, 5 s :! +Y i (1) 

x^hs.st+h^ss+b^s.+vs -~ (5) 
x 5 =h s ,s t +h S2 s 8 +h 8S s s +v 8 — (6) 

in a jBul.it pass propagation env ironirsent., since tins course front the transmission 
antenna 20 la to the receiving antenna 202a differs from the course from the 
transmission antenna 20.1b to the receiving antenna 202a, the value from which element 
b u of a propagation path procession and h u > differ is taken. On the other hand in 
a prospect propagation environment, it compares with the distance between the 
transmission antenna 201a and the transmission antenna 201b, Since the distance 
between the transmission antenna 201a and rite receiving antenna 202a and the distance 
between the transmission antenna 201b are! the receiving antenna 202a are largo, Since 
the transmission antenna 201a and the transits i s si on antenna 20 1 b look comparable to 
the receiving antenna 202a, element h u of a propagation path procession and h l2 become 
the similar value. For the same Reason, h„ and h n become the value which h„ and h s , 
resembled again, and it becomes difficult to separate send i ng--s i gnal s,, s ;: , and s 5 
from a formula (4), (a), and (6). For the above Reason, a MIMO system nan be said 
for channel capacitance characteristics to he good in a multipass propagation 
environment compared with prospect propagation environment. 

On! ,]He> t al o inri"f iMi'i i >u n tomnmnl ill i ol s \U\Hi , i mwith 
sufficient channel capacitance characteristics is desired. The muiti spot relay 


of a MIMO system to the basis of such a background also it) prospect propagation 
environment, and patent application is done by these people (Patent Application Ho. 
200 1 -899800) . The multi spot relay transmission system written in the Description 
of iht in 1 i cation us shown in ] !, > II n i\| i * i n in a c r ! ttu uith 1 bo H<< 
of a signal, in the transmitter 101, coding processing which adds relative redundancy 
is performed so that the error in a radio channel can be corrected to send data, and 

coded data sill be distributed to s,, % t , , s,,, corresponding to two or more antennas 

(M hook), and it will transmit:. The radio signal transmitted from the transmitter 
103 reaches the translators [ two or more (L pieces) ] 30 la, 301b, and 301c, and is 
respectively stored in the buffer of a translator as z 2 , — , z t . If the procession 
showing the propagation path characteristic between the transmitter 101 and the 
translators 30la, 30 lb, and 301c is sot to propagation path procession FF (the bold 
letter of P shows FF by an image formula) at this time, Signal ?..?;- (r,„ x s » ~~, x t ) 
(by an image formula, the bold loiter of z shams zz) stored in the translators 301a, 
301b, and 30.1c can be expressed like [ formula / (2) j a following formula (7). 
[0014] 

[Mathematical, formula 4] 

••• Hi 

[OOl.cjiiere, vv' (by an image formula, the bold letter of v ! shows vv' j shall express 
the noise on which it is superimposed. 

[00 16] Si nee a specified time lag is carried out signal z. stored in the translators 
301 a, 30th, and 301 c, z t , --, by storing in a buffer, z t is again transmitted, after 
amplifying, The radio signal from this translator is received by the receiver 102 
with two or more antennas (N) . The rate of signal amplification in the translators 
301a, 30 lb, and 30 ic is made into k if k ; .. --, k u The matrix which makes these a diagonal 
element is set to KK(boid letter of K shows by KK ** image formula) Jn„ (k<, k : ., 
, k,) (diag 0 means a diagonal matrix). If the procession shewing the propagation 


path characteristic between the translators 301a, 301b, and 301c and the receiver 
102 is the propagation path procession GG (the bold letter of G shows GO by an image 
formula), Input-signal xx=(x,, — , x s ) which received with the receiver 102 can bo 
expressed 1 i k s > a following formula (8) from a formula (2) and a formula (7). 
[0017] 

[Ma fhemat i cal formula 5j 

x - QKz - v - - GKFs * GKv' + v " ... [r . 


[00 18] Here, vV ' (by an imago formula, the bold letter of v 5 * shows; vv'* ' ) shall express 
the noise on which it is superimposed. 

[0019] In order to ask for sending- signal ss=(s s , — , s„) ' transmitted with the 
transmitter 101 algebraical 1 y ftom a formula (8), By making send data multiplex a 
known training signal, and transmitting to it. The procession WW for asking for 
sending- signal *s"(s ; , s M ) 1 from input-signal xx~(x. l5 x s ) T the SMI (Sampled 
Matrixlnverse) method of MMSB (Minimum M«an Square Error). It can ask by using it. 
if the procession WW can be found, point estimate ss ~(s x ' , — , %' ) T which restored 
the signal divided into the antenna of M book with the trans mi t ter 101 can ask with 
a following formula (9;. 
[00203 

[Mathematical formula 6] 

s -vr* - <a> 

i 002 1 J a formula { — nine — ) -- obtaining — having had — a transmission antenna 
— M — a book — a signal — s — .... .... — ' — s — ... „ ... — ' — Joining together 

having joined together — data — receiving — error correction decoding 

processing carrying out things received data -- it can obtain . 

[0022] Since the propagation path from the transmitter 101. to a translator and the 
propagation path from a translator to the receiver 102 are independent 1 y generated 
by 3 ut , r )» two i r «* f 1 1 .11 ,| t m ■> in t , n fh n an ,mi 1 1 et Id 1 ind i ho i ve icr 

102 as explained above, By install ing a translator in aulti spot, it becomes possible 


environment:, Thereby, also in prospect propagation environment, the same channel 
capacitance characteristics as multipass propagation environment are acquired, 
[0023] 

[Problem to be solved by the invent ion] (Then the multi spot relay transmission system 
stated to the above-mentioned precedence application is used, the propagation path 
characteristic of the propagation path between the transmitter 101 and the receiver 
102 is gi von by GGKKFF fan image type bold letter of GKF) from comparison with a formula 
(2) and a formula (S), Tn a mul ti spot relay system, communication channel capacity 
becomes large, so that the propagation path characteristic GGKKFF is brought close 
to the characteristic of a multipass propagation path, and communication channel 
capacity becomes small, so that it foresees conversely and brings close to the 
characteristic of a propagation path. For this reason, i i: becomes important when 
bringing the propagation path characteristic GGKKFF between transmit cer receivers 
close to a multipass; propagation path characteristic in a multi spot relay 
transmission system enlarges communication channel capacity. 

[0024 J For example, a translator becomes hard spatial 1 y, in existing (gathering), each 
element of the propagation path characteristics PF and GG serves as a value which 
was mutually alike as mentioned above, as a result propagation environment between 
the transmitter 101 and the receiver 102 is foreseen, and becomes close to propagation 
environment, and enmtmtn i cat i on heme 1 capacity becomes small. On the contrary, when 
a translator spreads spatial 1 y and exists, propagation environment between the 
transmitter 01 and the receiver 102 becomes close to multipass propagation 

propagation environment between the transmitter iOi and the receiver i 02 close to 
multipass propagation environment, it is necessary for a translator to spread to some 

[002 a] On the other hand, if it notes that KR a procession of an amplification factor 
of a translator is contained in the propagation path characteristic GGKKFF between 
the transmitter 101 and the receiver 102, it will be thought that propagation 


environment can be brought further close to multipass propagation environment. 

it is not known about whether communication channel capacity becomes large. 
[0026] in other words, controlling KR an amplification factor of a translator is; 
controlling transmission power of a translator. 

[0027] Then, the purpose of this; invention solves an aforementioned problem, brings; 
a propagation path close to a multipass propagation path by controlling transmission 
power of a translator in a mu.it t spot relay transmission system, and there is in 
providing a transmitting power control method of a translator arhieh can obtain bigger 
eommu n i oa t i on ehannc .1 o apa e i t y . 
[0028] 

[Means for solving problemjTo achieve the above objects;, a disp(>nr.itig means win eh 
distributes data to transmit to two or more antennas, A training signal multiplexing 
means which multiplexes a training signal tor using it for data restoration with a 
receiver to these distribution data, A transmitter provided with a transmission 

to predetermined timing, A reception means which receives a radio signal by transmit 
timing of said transmitter, and a buffer in which a received signal is stored, Two 
or more translators provided with a transmitting means which transmits this stored 
signal as a radio signal to timing which carried out the specified time lag to transmi t 
timing of said transmitter, A reception means which receives a radio signal with two 
or more antennas by transmit timing of two or more of son i d translators, respectively. 
A characteristic information acquisition means which searches for information about: 

received data, in a multi spot relay transmission system which communicatee from a 
transmitter to a receiver through two or more translators using a receiver provided 

each antenna from said received data using characteristic information about this 
propagation path characteristic, The number of translators is set to L (I, is a natural 
number), When making received power of the i - tit translator (i is a natural number 


from I to L) into P EJ , making transmission power of the i-th translator into P, u and 
making propagation power loss between the i-th trans la tor and a receiver into G,, 
By invention of Claim 1, it is P T; Cy=P TS %=, — =P :iSss;;S (10) 
******** — transmission power P T . of each translator is controlled like, 
[0029] B> invention il Claim 2, i1 is P, P„ P r _ IV . P , P (i t) 

******** transmission power P,. of each translator is controlled like. 

[0030jBy invention of Claim 3, it is P T -=P y2 =. — =P, s , ¥i< „ liK , (12) 
******** — transmission power t\. of each translator is controlled like. 
[0031] 

[Mode for carrying out: the invent ion] Hereafter, one embodiment of tins invention is 
explained in full detail based on an accompanying drawing, 

Co !2]A hewn in tut mo) translate* Ha oil no:! 30! c of L pi < 

** are arranged between the transmitter 101 which has a transmission antenna of M 
book in Transmission Systems Division using the mi Hi spot relay transmission system 
son corn log this invention, and the receiver 102 with the receiving antenna of N book. 
Here, although 2 and the number of antennas of the receiver 1.02 explain 2 and the 
number of translators explains operation concretely as 2 in the number of antennas 
of the transmit ter 10! about invention of Claim i, thai: it is operation with the same 
said of arbitrary tilings has the transmission antenna M [ several 1, the receiving 
antenna N \ several ], and the natural ntimbet I of translators. 

[Q033]First, relation between a transmitting power control method of a translator 
and an amplification factor of a i:ran s ] at or is explained. A sending signal of the 
1st translator (i= l) 301a becomes k,Zj from a formula (?) and a formula (8). 
Transmission poser P r , of the 1st translator 301a makes f ; , an element of an i line 
j sequence of procession PP. and if n noise component contained in k,z, is smai ] enough 
compared with a signal component and it is approximated, it w i 1 1 be given with a 
following formula (13). 
[0034] 

P ri ~ i s (approximation) < k s {f u sl*f !S s 2 ) '> (.13) 

<> means an average here, ~ (approximation.! is an approximation equal mark. Since 


each trans-mi ss i 
installed and i 

101 throat is 


■m of the transmitter 101 approaches mutually, and is 
between each transmission antenna is shorter than c 
isiators enough, Since a transmission antenna of fcrat 
asidered that propagation path coefficient f i} he 


•ompa 


I f, s j~(approxiwation) f if ;. When this approximation is used, propagation power loos 
F, between the transmitter 101 and the 1st translator 301. a is P t = (appros t mat. ion; 
i f u ^-(approximation) ilV.M (ii) , 

it can express. If it. assumes that there is no correlation eending-signai s, of two 
transmission antennas, and between s 8 , a formula (.13) can he approximated to a formula 
05). 
[0035] 

P, r :: (approximation) ihe^h. < i s, : i s. : | : > ( J f>) 

Similarly, ii' approximated with j f j ~ (approximation) ! f, 2 1 , propagation power loss 
F s between the transmitter 101 and the 2nd translator 30 I h can be expressed with a 
formula (16), and transmission power P Xs of the 2nd translator 301b can be approximated 
by a formula (17), 
[00363 

F s ~ (approximation) i f ;i I s ~ (approximation) if^r (16) 
Pn;~ (approximation) lh z \'% <! sj^+j s 2 ! £ > (17) 
Make th, 


utsent of the i line j sequence of the pro 
as hei:v ( -een transmitter translators 
i mat ion) i and i g n = i appros 1 ma t i on) 


- Is 


s ] a 


( i H 


0 [ a 


id t 


:ession GO into g,,, and by the 
If approximated with 
Propagation power loss G. 
an be approximated by a formula 
a ns la tor 301b and the receiver 


102 can be approximated by a formula (19). 

[0037] 

G,= (appros imati on) i g si i 2 - (approxi mation) ig<si" (IS) 
Ge :: (approximat ion) ! g ;:i i s ~ (approx i mation) Ig&'l 1 (19) 

Here, if a. formula (15), (17), (18), and (19) are applied to the formula (10) of CI a 


I and the square roof: of both sides is taken, a formula (10) will turn into a formula 

(20). 

[0038] 

k,t oot < } ,<i ) - < ippi n\ 1 mat terO k f.^t * <20^ 

When applying a transmitting power control method of Claim ! from this, a formula 
(20) will determine rate of signal amplification k, of the 1st tied 2nd translator 
301. a and 30 lb, and k,. 

on 'i Mi ii Hi i it i i u n In t t 1, a formula (21,) determines rate of signal 

amplification k, of a translator, k s> , k, . 
[00-10] 

k,root (FiG. ) "(approximation) k : ,root (F.-G s ) ~ (approximation) 
~~ -(approximation) k s root (Fj.Gj (2.1) 

That is, when a formula (10) of Claim 1 is re-**(ed), it is P T! ( ''rP f ,G : r. — =P <SRS<fi! . 
(10) 

It comes out. Received power Fy ; -~ (app.rox i mat i oo) P ; x of a translator (transmission 
power of a transmitter). Since it is transmission power P T: =k ;*{">!>; of a translator, 
if it transforms a formula (.10) into a formula of transmission power of a transmitter 
and transmission power of a transmitter which is a least common denominator is 
eliminated, k,i\G.-k ¥M : ~ "k^lsA is obtained, A formula (21) will be obtained 
if a .square root of both sides of this formula is taken. 

(004fj Next, when a formula (20) determines rate of signal amplification k ; of the 
1st and 2nd translator 301a and 301b, and k., f it explains that the propagation path 
characteristic CCKKPP approaches a multipass propagation path characteristic. It 
sill become a formula (22) if the ingredients label of the propagation path 
characteristic GGKKFF is carried out. 
[0043] 

[Mathematical formula 7] 


;0043]A formula (22) means that each element of the procession GGKKFF is expressed 


i path which 
the 2nd tra 


:>d ii: a formula 


Oct |it, t,. they are J ■ >' „ S . Ihe absolute value of d M s t- a complex 
number of I, and the deflection angle is a pha.ee of the propagation path m which 
it results [ from the m-th transmission antenna j to the n-th receiving antenna via 
the 1st translator 301 a. 

[0048] It will become a formula (24) if the formula (20) by this invention is applied 

to a formula (23). 

[00473 

[Mathematical formula 9] 

[00483 Each element of the propagation path characteristic GGKKFF serves as a form 
of the sum of a complex number which a siae is equal and differs in a phase mutually 
from a formula (24), That is, each element of the propagation path characteristic 
GGKKFF becomes the value which carried out mutually-independent easily. Therefore, 
the propagation path characteristic GGKKFF approaches a multipass propagation path 
characteristic, and communication channel capacity becomes large. 
[0049] On the other hand, although it is an extreme example as a case where transmission 
power control of this invention is not performed, j Considering the case where it 
! tlbd > k S( i Sim, it t-, n t helpful for the 2nd translator 30 lb 

bringing the propagation path characteristic GGKKFF close to a multipass propagation 
path characteristic, only the part becomes what the propagation path characteristic 
GGKKFF keeps away from a multipass propagation path characteristic (a prospect 
propagation pari) characteristic is approached) . 


[0050 j Next, the compost fc ion of a transmitter, a translator, and a receiver is 
explained, respectively. 

[OOSljFirst, the transmitter 101 is; provided with the following. 
As , shown , in , drawi ng, , 2 , in order to consider so) iai semi data as an input and to perform 
the error correction to a data i (or. By carrying our serial parallel conversion of 
the encoding means (error correcting code machine) which performs the coding which 
adds; relative redundancy to this serial send data, and the coded data, The dispensing 
means (set iai-paral 1 el -conversion machine) 501 which distributes data to transmit 
to two or more transmission antennas 507a, 50? b, and 507c, 

The training signal multiplexing means (multiplexer) 502a, 502b, and 502e which 
multiplex the training signal for using i f: for data restoration wi th a receiver to 
t he s e d istrihut i a n d a t a . 

The transmission sections 506a, 506b, and 506c which put a complex baseband signal 
on a suhearrier and transmit from the transmission antennas 50?a, 507b, and 507e> 

503 is a training signal, generation part for weight calculation which generates the 

504 is a training signal generation part for propagation-loss measurement which 
generates the training signal for propagat ion-loss measurement which is a training 
signal for transmission power control. 505a, 505b, and oOoc are modulators which 
change each multiplexing data into a complex baseband signal. 

[0052] The translator 30! is provided with the. following. 

I ^ - * is ? 5 f b ) t f 5 1 

I'll o ' to •> <i oc»>i w> <,« c i mil :<)>, nb; , t ■ tio\> s a < t k t component from 

a signal, received with the antenna 701, the common machine 702, and the antenna 701, 
and eat in foi i c.ompies baseband signal). 

The demultiplexer 70 d which separates a training signal for propaga i: ion- 1 oss 
measurement, and a signal which should he stored from a received signal according 

The propagation-loss test section 705 which measures a propagation loss from a 
t: re in i tie s i goal for propagation-loss measurement. 

- 17 - 


The amplification factor control section 709 which controls an amplification factor 
based on the propagat ion loss, and the buffer 706 in winch a received signal is stored, 
According to a timing signal, This stored signal to transmit timing of the transmi tter 
101 to timing which carried out the specified time lag as a radio signal. A 
transmitting moans which transmits (the amplifier 707, the transmission section 708 
which puts a complex baseband signal amplified by the amplifier 707 on a subearr ier, 
and transmits from the antenna 701. the common machine 702, the antenna 701). 

[0053] As shown ' » dr«j_ngij_, the receiver 102, A radio signal by the transmit timing 
of two or more translators 301 with two or more receiving antennas 601a, 601b, and 
80ic. The reception means (receive sections 605a, 605b, and 605c which remove a 
carrie?: component from the signal received with the receiving antennas 60 i a, 601b, 
and 60lc. and search for a complex baseband signal) received, respectively, The 
demultiplexers 606a, 606b, and 606c which separate the training signal for weight 
calculation, and received data from the received signal according to a timing signal, 
The characteristic information acquisition means (weight calculation parts 608a, 
608b, and 608c) which searches for the information about a propagation path 
characteristic from the training signal for weight calculation multiplexed to these 
received data, A data restoration means (product sum operation parts 607a, 607b, and 
607c) to restore the data which the transmittal 101 distributed to each transmtss 
antennas 507a, 507b, and 507c from received data using the characteristic informal: 
about: this propagation path characteristic, By carrying out parallel serial 
conversion of the thesa-d i str i buted data, It has the decoding means (error corn 
decoder) 612 which performs an error correction to the coupling means (parallel : 
converter) combined as serial data which the transmitter 101 coded, and its • 
data. 6! ! a, 61.1b, and 61 le are demodulators which change a complex baseband si gnal 
into binary data. 604 is a training signal generation part for propagation-loss 
measurement which generates the training signal for ptopagat i.on-1 oss measurement. 
603 is i i i in mi i. n e < u on fo.i transitu ttin tht trainin signal for 
propagation-loss measurement to the translator 301. The receiving antenna 601a is 


used also for' transmission via the common machine 602, Since it: has an equivalent 
internal structure- mutually, the product sum operation parts BO 7a, 607b, and 607c 
prodtJe t-sum-operat i on pari; 607a Accept it, and have been shown in detail. That is, 
the product sum operation part 607a consists of the multiplier 609 and the adding 
machine 610. 

00 0 It ut mt u u 5- t m Hn i i n t i n t i . i i t th n n mil 1 t 

translator, and receiver which were explained above, in this Transmission Systems 
Division, the training signal for weight calculation and the training signal for 
propagation-loss measurement cither than data (it; is hereafter described as commo 
data) to transmit to a receiver from a transmitter will he transmitted and received. 
[0055] First, it is explained how comma data is transmitted and received. It is changed 
into parallel data after commo data is error-eorreeti ng~eode~ixod in the transmitter 
10.1 with the error correct trig cede machine + sertal-patal lei-conversion machine 501, 
After going via the multiplexers 502a, 502b, and 502c, it becomes irregular with the 
modulators 505a, 505b, and 505c, and each of parallel data is transmitted as a radio 
signal from the transmission antennas 507a, 507b. and 507c. It is received by the 
antenna 701 in the translators 301a, 301b, and 301ft, and the commo data transmitted 
from the transmitter 1.0!. is stored in the buffer 706 through the common machine 702, 
the receive section 703, and the demultiplexer 704. After the beforehand fixed time 
passes, the commo data stored in the buffer 706 is amplified in the amplifier 707, 
and is again transmitted from the antenna 701. The amplification factor of the 
amplifier 707 at this time is controlled by the output of the amplification factor 
;nu;rol section 709. It is received by the receiving antennas 601a, 601b, and 601c 
e receiver 102, and the commo data transmitted from the translators 301a, 301b, 
iOle is sent to the product sum operation parts 607a, 607b, and 807c through the 
demultiplexers 606a, 606b, and 606c. In the product su* operation parts 607a, 667b, 
i07c, it is added after the multiplication of the dignity and the input signal 
(commo data; which wore searched for in the weight calculation parts 608a, 608b, and 
608c is carried out, and the commo data transmitted from each transmission antennas 
507a, 5076, and 507e of the transmitter 101 is restored. In the parallel serial 


o data is changed into 
into the original eommo 

teg of transmission and 
;lators 301a, 301b, and 
30b::, and i:he receiver (02. Namely, as shewn in drawing S. while t.h<* training signal 
Al for propagation-loss measurement, the training signal BJ. for weight calculation, 
B-2, B3, the comma data CI, C2, and C?, arc transmi It fed in order in the transmitter 
101, I lu r ivej 102 tran mits the train in i na'j f t pro) t it: ion toss 

measurement to the same timing as Al, S i ttn.t.l t aneonsi y with this, with the translators 
301a, 301b, and 301c, these radio signals are receive;! as training signal A3 for 
propagatiott-iossmeasnreKiottt, training signal 131 for weight oaicniai: ion, fid. B4, the 
eofflfflo data C4, C4, and C4, and it stores in the buffer 706, 

[005? ] After specified time elapse, preferably, the translators 30!a s 301b, and 301c 
are the timing which transmission from the transmitter 101 ended, and transmit 
training signal B6 for weight calculation from the buffer 706, B5, B5, the combo data 
CS, CS, and CS. fx th the receiver 102, these radio signals are received simul taneously 
■with this as training signal 86 for weight calculation, 86, 86, the eommo data C6, 
C6, and C6, 

[0058] After specified time elapse, preferably, the transmitter 101 and the receiver 
102 are the timing which the transmission from the translators 301a, 301b, and 30k: 
ended, and go into the cycle of the next data transmission. Thus, the cycle in which 
the wireless transmission from a transmitter to a translator- and the wireless 
transmission from a translator to a receiver carry out alternation is repeated. 
[0059 J In order to aim at the synchronisation of the ahove-ment i nned timing between 
the transmitter 101. which separated spatially mutually, the translators 301a, 30ib, 

is not shown to drawing 5, for example. The pilot signal synchronises with the timing 
which inn'-snN Un radio .In |i {In- rransautHn !<>( in v d t i . \ The 

translators 301a, 301 b, and 30k. and the receiver 102 receive a pilot signal, and 


adfci- 612, the res to; 
on is performed and i 


[OOofVjHoi e, t f explanation is added about i 
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control transmission and reception operations by making this pilot signal into a time 
standard. 

[00601 Next, it training signal for weight calculation Is explained. **** and the 
training signal generation part 503a for weight calculation generate a training 
signal for weight calculation of a pattern which is different in the transmission 
antennas 507a and 507b and 507c, respectively to the transmitter 101. This training 
signal for weight calculation i s multiplexed with comma data by the multiplexers 502a, 
502b, and 502c, and is transmitted Prom the transmission antennas 507a, 50?b, and 
507c 1 ike commo tiara, it is received by the antenna 701 in the translators 301a, 301b, 
and 301c, and a training signal for weight, calculation transmitted from the 
transmitter i.OI is again transmitted, after being stored in the buffer 706 in the 
same procedure as commo data. A training signal for weight calculation transmitted 
from the translators 301a, 301b, and 301c. It is received by the receiving antennas 
60 la, 601b, and 601c in the receiver 102, and is sent to the weight: calculation parts 
608a, 608b, and 608c through the demultiplexers 606a, 606b, and 606c In the weight 
calculation parts 608a, 608b, and 608c, the dignity procession 8fW is calculated by 
the SMI method in MMSE, for example. 

[0061 3 Next, a training signal for propagation-loss measurement is explained. In the 
training signal generation part 504 for propagation-loss measurement of the 
transmitter 101, a training signal for propagation-loss measurement lot asking for 
propagation-loss P. between a. transmitter and a translator is generated. This 
training signal for propagat: ion- 1 ess measurement is multiplexed with commo data and 
a training signal for weight calculation by the multiplexer 502a, and is transmitted 
from the transmission antenna 507a. On the other hand, in the training signal 
generation part. 604 for propagat. ion--'l oss measurement of the receiver 102, a training 
signal for- propagat i on-.loss measurement: for asking for propagation-less (>.; between 
a translator and a receiver is generated. This training signal for propagation-loss 
measurement is transmitted from the receiving antenna (transmitting combination) 
601a it is rets i ved by the antenna 701 in the translators 301a, 301b, and 301c, and 
a training signal for propagat i on-.loss measurement transmitted from the transmitter 
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101 and a training signal for propagation-] oss measurement transmitted fr om the 
receiver 102 are sent to the propagation-loss test section 705 through the 
demultiplexer 704. In the propagation-loss test section 705, electric power of these 
training signals for propagation-loss me a surernent is measured, and propagation-loss 
F, and G, are computed from a ratio with transmission power of a training signal for 
propagation --loss measurement decided beforehand. If a training signal for 
propagat ion-loss measurement for asking for a training signal for propagat I on- 1 oss 
measurement for asking for propagation-] oss P. and propagation-loss G. is made into 
a. mutually dt fferent signal of a pattern, it is possible to identi fy these two training 
signals for propagation-loss measurement. Using: propagation-] oss P, and G ; , with a 
following formula (25; produced by transforming a formula (21), amp.1 i ficatioo factor 
k s is computed and an amp] i fi oat ion factor of the amplifier 707 is controlled by the 
amplification factor control section 709. 
[00623 

[Mathematical formula !.()] 


L00(>3 j Here, A is a constant decided beforehand and uses the same value with each 
translators 301a, 301b, and 301c. Since a formula (21) is satisfied between the 
translators 301a and 30 lb and 301c and the formula < 10) of Claim I is satisfied by 
this, The charaeterist: i.e. of a propagation path of resulting [ from the transmitter 
1.0!. ] in the receiver 102 through the translators 301a, 30 lb, and 30 1 c approaches 
a multipass propagation path character i st.io, and communication channel capacity 
becomes large. 

[OQBlJin this embodiment, in order to measure propagation-loss F. between transmitter 
translators, the training signal for propagation-loss measurement: is used, but the 

propagation-loss F, ; as another embodiment. In this case, the training signal 
generation part 50-1 for propagation- loss measurement of the transmitter 101 becomes 


unnecessary, and only- the receiver 102 will form the training signal generation part 
604 for propagation- 1 os 3 measurement;. 

[0065] Next, the embodiment of invention of Claim 2 is described. Transmission Systems 
f)i is ion of d Lng.,1 hall 'b< nst.it.uted b th uhmim i t h in plain 1 
so far, the translator ui n a % jh J ih « iv i »i i »«* fc i U amr-iiii jmm 
factor k. ; is made the same with all the translators 301a, 301b, and 301c at this time, 
the formula (11) of Claim 2 sill be filled. What is necessary is just to consider 
it as the same value that was able to determine the amplification factor beforehand 
in the amplifier 707 of the translators 301a, 301b, and 301c, in order to realize 
this. Since it becomes unnecessary [ the training signal for propaga t i on- 1 oss 
measurement j at this time, the propagat ion- loss test section 705 and the training 
signal generaf:i on patt 504, 604 for propagation-loss measurement become unnecessary. 
That is, the transmitter 101 and the receiver 102 can use a certain thing from the 
former. Therefore, an equipment configuration becomes simple rather than the 
embodiment of invention of Claim 1, 

[0060] Next, an embodiment of invention of Claim 3 is described. Transmission Systems 
Division of drawing i shal 1 be constituted by a transmittal < I drain? s , vp I nm d 
so fuj i I i ut ! i t ) > 1 . m i t ! t f . n If tip i i i i a i t u I i t \ 

kj of each translators 301a, 30 lb, and 301c is defined with a following formula i'26) 
at this time, a formula (12) of Claim 3 sill be filled. 
[0067] 

[Mathematical formula 11] 

[0068] Here, A is a constant decided beforehand and uses the same value with each 
translators 301a, 301b, and 30!;:. 

[0069] What is necessary is just to decide an amplification factor according to a 
formula (26) in the amplifier 707 of each translators 301a, 301b, and 301c, in order 
to realize this. Since propagation-loss G. between translator receivers becomes 
unnecessary at this time, the training signal generation part 604 for 
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propagation-loss measurement of the receiver 102 becomes unnecessary, Since only the 
transmitter 101 should form the training signal generation part 504 for 
propagation-loss; measurement, an equipment configuration becomes; simple rather than 
an embodiment of invention of Claim 1, 

It) i imi f I ft st hill i t < n t i i ui t ! h\ a tj sn mm r 1 ii i > ginned 
nH), .Hni^hh 'I u Ot ! ! t i 0 ) , u it ( i - Lit i ! * 

301a, 301b, and 301c, AGC (Auto Gain Control) is provided instead of the ampl if ioation 
factor control section 709, and if it controls to amplify to amplitude beforehand 
decided by the ampli fier 707, a formula (12) of Claim 3 wr i .1 .1 bo filled. Since it becomes 
unnecessary [ a training signal for propagation- loss measurement i at this time, the 
propaga t i otHL os s test section 705 and the training signal generation part 504,604 
for propagation-loss measurement become unnecessary. That is, the transmit. t 
and t.he receiver 102 can use a oerrain thing from i.he fo:rmer. Therefore, an eqniptm 
configuration becomes simple rather than an embodiment of invention of Claim 
[007i.jAccord.ing to an above embodiment, although received power P S!; of a trans 1 at 
transmission poser f-V, propagation power loss P., and G, were used, when the ant.e 
gains of each translator differ, tins invention can be carried out, if a part 
antenna gain is: included in recei ved power and transmission power and is considered. 
[0072] Although all the I translators shall fill a formula (10), a formula (11), or 
a formula (12), Since the characteristic of a propagation path can be brought close 
t:o a multipass prop* gat ion path c. haraei.er i at i o as much as possible and communication 
channel capacity can be enlarged even when some translators do not fill these formulas, 
this invention does not eliminate snob a case. 

[0073] Al though the commo data which it is going to transmit presupposed that they 
are serial data, changed these serial data parallel, it distributed to the 
transmission antenna of M book, and it joined together with the receiver and being 
returned to serial data, This invention is effective even when transmitting pars! I.e.! 
commo data from the transmission antenna of M book from the first. 
[0074] Next, an effect is checked experimentally. Here, a length of one side shall. 
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carry out uniform distribution of the translator into the square of R a center [ the 
halfway point of a transmitter and a receiver ], and it calculates average 
transmission capacity. Make the antenna of a transmitter and a receiver each into 
six. and let form be an linear array of a half-wave length interval (fc - 2 Gib). 
A transmitter receiver interval shall he 100 m. Making transmission power of a 
transmitter into the electric power which serves as SNRSOdB with a receiver at the 
time of tin-acting as intermediary, the transmission power of each antenna presupposes 
that it is: equal. The sum total of the transmission power of a translator presupposes 
that it is equal to the total transmission power of a transmitter. The number of 
translators is sot to 30. K1.ec. trie power shall bo in inverse proportion to the square 
of distance. The noise electric power added to each receiving antenna and a translator 
presupposes that: i t is equal. 

[007 o j Column n i cat i on channel capacity at the time of applying Claim 1 and 2 or 3 
traiismiss; i otv--power-"COEti:,rol systems on the above conditions is calculated about 
different R, and drawing 6 i s filled it). A black rectangular head shows what depends 

and Claim 2 on a system of a black dot and Claim 1. Like a graphic display, a 
transmission-power-control system of Claim I cars enlarge communication channel 
capacity most.. Although Claim 2 and a transitu ssion~-po«fer~eontro! system of 3 have 
slightly small communication channel capacity, there is an advantage that an 
equipment configuration becomes simple as mentioned above. 

[0076] If it collects above, after buffering a radio signal distributed and 
transmitted to two or more antennas from a transmitter with two or more translators, 

or more antennas of a receiver. In a muiti spot relay transmission type M I MO system 
which can make multipass propagation environment in false also in prospect. 


i which iiatismut'i if>m i h n in I itm tei h a to >u-. i s> n h almo^ equal 
electric power, Rather than a case where this invention is not controlled, since a 
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propagation path between a transmitter and a receiver can be close brought according 
to a mult ipa;;;; propagation path, communication channel capacity can be enlarged more. 
[0077] 

[Effect of the.- invent ion] Thi s invention demonstrates the outstanding effect like? the 

[0078] (I) according to invention of Claim I, each element of the determinant showing 
a propagation path characteristic .is rou tua.l .1 y-x ndependen i: — since the bottom becomes 
a value, a propagation path characteristic approaches a multipass propagation path 
characteristic, and communication channel capacity becomes .large. 
[0079] (2.) According to invention of Claim 2. although it is not as Claim 1, a 
propagation path characteristic approaches a multipass propagation path 
character i $; tic, communication channel capacity becomes large, and. moreover, it can 
realiae with simple composition. 

[0080] (3) According to invention of Claim 3, although it is not as Claim 1, a 
propagation path characteristic approaches a multipass propagation path 
characteristic, communication channel capacity becomes large, and. moreover, it can 
realize with simple composition. 

[Translation done. ] 
* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the 
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3. In the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawing?.] 

! it i I l 11 >i Tt i ! 1 n-M-ni in ~n Hf 1 lo v i 1 m A m, ng one 

embodiment, of this; invention. 

It ! >- t hi i i i 1 i J dti! < i i jfi I ! UtM!i! I t i ) ! i ) < iJ ] ' ] fi < Hi i It! v I 11' 1)1 trti 

tt i t 1 I 1 i),! tm t tIi ii m !<ti I i ti i nig nt.it t.liis invention, 
h t it i i hi > i h i i tm 1 i li n t 1 ' i < i nut tin in ml in 

l(i i i mi ii , i ) ) m f i h t n m i i i t 1 i ]!i ii'iitlu )n it f t n 
Jit t i i i j i it i t h j 1 i l 1 t i h f i 1 h us mi ) i n v t m 

Division of tin's; i meat i on. and communication channel capacity. 
jjh avcry; h t a block li ( ,u« of Transmission Systems Division by a MI MO system. 
[Drawing 8] It is a figure showing the relation of the propagation env irortttietvt and 
commit n t eat; i on channel capacity in Transmission System;; Division by a MT.MQ tsystctts, 
and the hiock diagram of irnt it: ipass propagation env i ronroeui: and (h.) foresee (a) > and 
the hiock diagram of propagation env i ronment and (o) arc the characteristic figures 
of several pairs antenna, eofflsmmicat.ton channel capacity. 

iDrasijrg 9j 1 1 is a block diagram of Transmission Systems Division by the mult t spot 
relay transmission type MI MO system used as the foundation of this invent ion. 
[Explanation;? of letters or numeral 
101 Transmitter 
1.02 Receiver 

301,301a, 30.1b. and 301c Translator 

501 [encoding means + dispensing moans (error correcting code machine* * 
serial -para 1 l.e 1 •• con vers:} on ma oh iiie) 
507a, 507b, a 507c transmission antenna 

502a, 502b, a 502c training signal, multiplexing mean;; (multiplexer.) 
506a, 508b, and 506c Transmission section 
001 a. 601b, a 601c receiving antenna 
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605a, 605b, and 605c Reception means (receive section) 
60Ba, 606b, and 606c Demultiplexer 

80?a, 607b, a 607c data restoration means (product sum operation part) 

608a, 608b, and 608c Characteristic information acquisition means (weight 

calculation part) 

612 Coupling means + decoding mean;; (parallel serial converter + error correction 
decoder) 

701 Antenna 

702 Common machine 

703 Receive section 

706 Buffer 

707 Amplifier 

709 Amplification factor control section 


1 Tranclat ion done, j 
* NOTICES * 

JPO and INPiT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(54) METHOD FOR CONTROLLING TRANSMISSION POWER FOR REPEATER 
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PROBLEM TO BE SOLVED; To provide 8 method for controlling 
transmission power for a repeater capable of obtaining a greater 
^ ^ communication Ime capacity by controlling transmission power 

./ i T*t y V of the repeate s ; ( pagat or path to a multi- 

path i < , ? > a mo! >»ir:i relay tra oss: ion 


XT 


s system. 

- * ; ; ; I SOLUTION: The transmission power PTi of each repeater 301 h 
J controlled to satisfy a relation of PT1 G !™PT2G2-„ -PTLQL, 
where L is the number of . ^< < << PTi is the transmission 
power of the i—th rcoeater 301, and Gi is; a propagation power 
loss between the rth repeater 301 and a receiver 102, 
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